The murine AIDS (MAIDS) virus has a unique sequence in the gag p12 region, which could be responsible for MAIDS development. RNA preparations from the spleens of normal uninfected C57BL/6 mice contain a transcript hybridizing with this sequence. Levels of the transcript in the kidney of C57BL/6 mice were higher than in the spleen, liver or thymus. Although BALB/c, NFS, DBA/2 and SL murine strains also contained genomic sequences hybridizing with the MAIDS virusspecific probe, no transcript hybridizing with the probe was detected in these strains of mice. The cDNAs carrying the transcript expressed in C57BL/6 mice were molecularly cloned. The complete nucleotide sequence of the clone indicates that the transcript is one of the endogenous murine leukaemia virus-related sequences containing large deletions from the R and U5 regions of the 5' long terminal repeat (LTR) to gagpl5, from the Cterminal region ofpol p40 (integrase) to the N-terminal region of env pl5E, and many short deletions in the 3" LTR U3 region, The nucleotide sequence in the gag pl2 region of the transcript was closely similar to that of the MAIDS virus, but the amino acid sequence was less similar because of frameshifting, even when translated, As the MAIDS virus was isolated from C57BL/6 mice with radiation-induced leukaemia, this transcript may be the progenitor of the MAIDS virus. To determine whether the gag p12 region of the transcript contains a functional sequence, a recombinant virus was generated by replacing the gag p12 region of a replicationcompetent BM5eco virus with that of the endogenous transcript. The recombinant virus was replicationcompetent, and the p12 region of the transcript retained the functional sequence present in the BM5eco virus.
Introduction
A strain of murine leukaemia virus (MuLV) isolated by Latarjet & Duplan (1962) induces murine AIDS (MAIDS) in susceptible strains of mice (Mosier et al., 1985; Buller et al., 1987 : Hartley et al., 1989 , and has been reported to induce B cell (Klinken et al., 1988; Huang et al., 1991) or T cell lymphoma (Kubo et al., 1992) . The virus complex includes non-pathogenic replication-competent MuLVs and a disease-inducing replication-defective virus (Aziz et aI., 1989; Chattopadhyay et al., 1989) . The defective pathogenic virus contains a conserved open reading frame (ORF), encoding Pr60gag (Huang & Jolicoeur, 1990) , and has a unique sequence in the gag p12 region, compared to other MuLVs (Aziz et al., 1989; Chattopadhyay et al., 1991) . It has been suggested that the unique sequence is responsible for MAIDS development.
The GenBank/EMBL/DDBJ accession number of the nucleotide sequence reported here is L08395.
Endogenous sequences hybridizing with the p12 sequence of MAIDS virus were detected in the genome of normal uninfected C57BL/6 mice. The presence of a transcript of approximately 4.2 kb hybridizing with the probe has been shown in RNA prepared from the spleen of normal C57BL/6 mice (Chattopadhyay et al., 1991 ; Cheung et al., 1991 ; Kubo et al., 1992) . Chattopadhyay et al. (1991) showed that the transcript can also be detected with other viral probes, indicating that the transcript could be derived from an endogenous MuLV. Further analysis of the transcript in C57BL/6 mice should be most useful in defining the origin of the MAIDS virus, since it was isolated from radiationinduced leukaemia of a C57BL/6 mouse (Latarjet & Duplan, 1962) . We report here the molecular cloning and characterization of a MAIDS virus-related transcript from C57BL/6 mice.
Hybridization and DNA probes. Genomic DNA was digested with KpnI or PstI restriction endonuclease (Takara Shuzo) under the conditions recommended by the manufacturers. Digested genomic DNAs and Hirt DNAs were separated by electrophoresls on neutral agarose gels, and then transferred to nitrocellulose membranes by the Southern blot technique (Southern, 1975) . RNA samples were separated by electrophoresis on formamide-agarose gels, and transferred to nylon membranes by electroblottlng. Specific fragments were detected by hybridization with 32P-labelled DNA probes, and washed at 55 °C or 56 °C, as previously described (Maniatis et al., 1982) . The SmaI-NeoI fragment of the gag p12 region in the MAIDS virus was used as the MAIDS virus-specific probe (DSP-2) (Kubo et al., 1992) . The BstPI-SacI fragment from the gag region of the non-pathogenic replication-competent virus BM5eco (Chattopadhyay et al., 1991) was used as the gag representative probe. The gag p12 regions of the BM5eco and cDNA clones were amplified by PCR, for use as BM5eco-and endogenous viral transcript-specific probes, respectively (see below).
Molecular cloning and sequench~g. Polyadenylated RNA was isolated from a C57BL/6 mouse kidney using Oligotex-dT30 (Takara Shuzo) and then cDNA was prepared using a cDNA synthesis kit (Pharmacia). The 2 ZAPII cDNA library was screened by using the DSP-2 probe. Three independent positive clones were obtained. Nucleotlde sequences were determined by the dideoxynucleotlde chain termination method (Sanger et al., 1977) .
Primer extension. The primer extension procedure was done as previously described (McKnight & Kmgsbury, 1982) , using the primer 5' GACACCATGGGAGAAGGGGG 3', designated EP-1.
Cells and transfection. SC-1 and XC cells were grown and maintained in heated 5 % fetal calf serum in Dulbecco's modified Eagle's MEM. Plasmid DNAs were transfected into SC-1 cells by the calcium phosphate coprecipitatlon method (Graham & van der Eb, 1973) .
Virus titration. Reverse transcriptase (RT) activity produced by the transfected SC-1 cells was measured, as previously described (Goff et al., 1981) . The autoradiogram was analysed with a Bioimaging Analyzer BAS2000 (Fuji). The culture supernatants of the transfected cells were also tested by the XC plaque assay (Rowe et al., 1970) .
Mutagenesis and PCR. PCR-mediated mutagenesis was performed to create a Sinai site in the gag p12 region of the BM5eco and endogenous transcript cDNA (pEDV-2) clones using mismatched primers (Higuchi et al., 1988) . The gag p15 and p12 regions of the BM5eco clone were amplified using the HI-H2 and H3-H5 primer pairs, respectively. Primer sequences are given below. The gag p12 region of the cDNA clone carrying the endogenous transcript was amplified using E1 and E3 primers. The H2 and H3 primers have 2 bp mismatches within the Sinai site compared with BM5eco. The El primer has a 1 bp mismatch within the Sinai site compared with pEDV-2. PCR was performed at 90 °C for 60 s, 57 °C for 90 s, and 72 °C for 120 s for 25 cycles with a Thermal Sequencer TSR-300 (lwaki Glass Co.). The BstPI-SmaI fragment amplified from the BM5eco and SmaI-NeoI fragment amphfied from the cDNA clone were used to construct recombinant viruses. The Sinai NeoI fragments amplified by PCR were used as specific probes. H1, 5' AAGAGACGC-TGGGTCACCTTTTGCTCTGCC 3' (BstPI site underlined); H2,
5" G T C G G A G A G A A C C C G G G G T T T A G A A G G T C T
3" (Smal site underlined); H3, 5' AGACCTTCTAAACCCCGGGTTCTCTCCG-AC 3' (Sinai site underlined); H5, 5' GCGAGACACCATGGGAGA-GGGGGCAGGGA 3' (NcoI site underlined); El, 5' CCTCCTA-AGCCCCGGGTTCTCCCTGATAGC 3' (Sinai site underlined); E3, 5' GAGACACCATGGGAGAAGGGGGGGGAACC 3" (NcoI site underlined).
Results

Tissue-specific expression and strain distribution of M A I D S virus-related transcript
To examine which tissues from normal C57BL/6 mice express the transcript hybridizing with the MAIDS virusspecific probe, we performed Northern blot hybridization of RNA samples isolated fi'om spleen, liver, kidney and thymus, using a MAIDS virus-specific probe, DSP-2. The findings indicated that the RNA preparation from spleen contains the transcript, as previously reported, but its abundance in kidney is much greater than in other tissues ( Fig. 1) , although Chattopadhyay et al. (1991) reported that the kidney of normal C57BL/6 mice did not express the transcript. We refer to the transcript expressed in C57BL/6 mice as the EDV sequence (endogenous sequence related to the Duplan strain of murine retrovirus).
To determine whether other strains of mice also contain endogenous sequences related to the MAIDS virus, we performed Southern blot hybridization of 
GflCCGeAGAG ACATflGAGAG ATGAGCAAGC TCTTGGCCfl¢ TGTAGTTAGI GGACAGAGRC AGGTAGAACfl GGGGGGflGflG CGAAGGAGGC CCCRRCTTGn et al., 1991) . Deleted regions of the EDV transcript and MAIDS virus are shown as black boxes in BM5eco. As the pEDV-2 DNA clone was derived from the cDNA of polyadenylated RNA, the clone does not contain the U5 region in the 3' LTR.
genomic DNA samples from BALB/c, NFS, DBA/2 and SL mice, using the DSP-2 probe. We found that the genomes of all these strains of mice contain many sequences hybridizing with the DSP-2 probe (data not shown). However, Northern blot hybridization showed that no transcripts hybridizing with DSP-2 could be detected in any strain examined, except for C57BL/6 mice (data not shown).
Molecular cloning
To clarify the structure of the EDV transcript in normal C57BL/6 mice, we attempted to clone a cDNA copy molecularly. Three positive clones were obtained, and their restriction endonuclease maps were almost identical. Among the three clones, the complete nucleotide sequence of the pEDV-2 D N A clone was determined. As shown in Fig. 2 (b) and 3, the sequence from the R and U5 regions of the 5' long terminal repeat (LTR) to gag p15 was not found in the pEDV-2 D N A clone, compared with replication-competent MuLVs. To examine whether this molecular clone is the full-length EDV transcript, we performed primer extension using a 20-base primer in the gag p12 region of the clone. If the pEDV-2 DNA clone is full-length, a 200-base product should be detected. The 200-base product was indeed detected, but products longer than 200 bases were not (Fig. 4) . This indicates that the pEDV-2 clone represents an almost full-length EDV transcript, and that the sequence from the R region of the 5' LTR to gag p 15, containing the packaging signal and primer-binding site, was deleted in the EDV transcript. Therefore, the EDV transcript could neither be packaged into virions, nor reverse-transcribed. Furthermore, it might be expressed by a non-viral promoter.
Other regions of the gag gene (p30 and pl0), two regions of the pol gene (encoding protease and RT) and the R region of the 3' L T R were conserved, compared with other MuLVs (Fig. 3) . However, there were several point mutations, deletions and insertions in the conserved regions. A large deletion from the C-terminal region ofpol p40 (integrase) to the N-terminal region of env pl5E was found (Fig. 3) . The env gp70 sequence was not found. In the U3 region of 3' LTR, many deletions were detected. As a TATA box in the U3 region was found and the CAT box was deleted, the U3 region would not be expected to have promoter activity.
Function of p l 2 region of ED V sequence
To determine whether the gag pl2-1ike sequence in the EDV has biological activity resembling that of the gag p12 of MuLV, a recombinant viral DNA, designated 
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Comparison of nucleotide sequences between the gag p12 regions of the BM5eco, EDV transcript (pEDV-2) and MAIDS virus (DEF27) (a), and comparison of amino acid sequence between the p12 peptides of the BM5eco, pEDV-2, DEF27 and the ORF B of the EDV transcript (Fig. 2a) (b) . Dashes indicate identity within the pEDV-2 and DEF27 sequences for the residue in BM5eco. Filled circles indicate the absence of the corresponding nucleotide or amino acid residue. Boxed nucleotides indicate SmaI and NcoI sites, and the initiation codon of the EDV ORF B (Fig. l a) . Boxed amino acid residues indicate identity within the DEF27 and ORF B sequences. The amino acid sequence of pEDV-2 is that obtained when translated in the same frame as BM5eco. * The pol and env genes of the MAIDS virus were deleted. The nucleotide sequence similarities were determined when the regions without the deleted sequence were compared.
NC, Region is not contained in the viral genome. :~ The value, which is the highest of each region, is emphasized. § N•, Nucleotide sequence of the region was not determined. the sequence; the transcript might be the origin of the MAIDS virus, since it was isolated from radiationinduced leukaemia of C57BL/6 mice (Latarjet & Duplan, 1962) . Chattopadhyay et al. (1991) reported that a transcript hybridizing with the unique sequence was detectable in RNA preparations from spleen, but not from kidney. However, we found here that the level of the transcript in kidney was much higher than in spleen. This discrepancy could be resolved by identifying the promoters for these transcripts. However, it was difficult to clone the genomic sequence of the transcript, because we did not have probes that distinguished the transcript from other endogenous sequences.
To determine the origins of the MAIDS virus, the nucleotide sequence of the pathogenic MAIDS virus was compared with those of EDV, helper MuLV (BM5eco) in the MAIDS virus mixture (Chattopadhyay et al., 1991) , radiation-induced MuLV (RadLV) isolated from C57BL/6 mice (Merregaert et al., 1987) , Moloney MuLV (Shinnick et al., 1981) and Friend mink cell focusinducing (MCF) virus (Adachi et al., 1984) . As shown in Table 1 , the nucleotide sequence of the MAIDS virus LTR region was most similar to that of BM5eco, and hence the MAIDS virus LTR might originate from the BM5eco virus. Since the gag p12 region was most closely related to that of the EDV, the origin of the region may be EDV. The gag p30 and pl0 regions of the MAIDS virus may be derived from the BM5eco virus but are clearly not from EDV, since these regions of EDV contained mutations resulting in a frameshift.
The nucleotide sequence of the gag p12 region of the EDV transcript was compared with that of the MAIDS virus (DEF27) and BM5eco in Fig. 5(a) . This comparison indicated that the MAIDS virus has 1 (position 89), 3 (positions 93 to 95) and 12 bp deletions (positions 105 to 116), as well as a 1 bp insertion (position 185) as compared to BM5eco, whereas the EDV transcript has only the 3 bp deletion (114 to 116). Thus, if translated, the amino acid sequence from positions 89 to 185 of the MAIDS virus would not be similar to that of the BM5eco and EDV transcript owing to the frameshift. The 5' conserved sequence (positions 1 to 88) and unique sequence (positions 117 to 184) of the MAIDS virus gag p12 region was more similar to that of the EDV sequence (89 % and 84 %) than that of BM5eco (80 % and 58 %), but not the 3' conserved sequence (positions 186 to 256) (80% and 96%). Therefore, the 5' and 3' regions of the MAIDS virus gag p12 might be derived from those of the EDV and the BM5eco virus, respectively.
As the MAIDS virus contained a segment of env derived from an MCF-related virus, a role for an MCFtype virus in the origin of the MAIDS virus has been proposed previously (Chattopadhyay et al., 1991) (Table  1) . Although it is possible that the EDV or related transcript did not contribute to the generation of the MAIDS virus, it appears most likely that the MAIDS virus was generated by multistep recombinations and mutations between the BM5eco, EDV or a related transcript, and MCF sequences in the process of reverse transcription, according to the model proposed by Coffin (1992) and Hu & Temin (1990) . The EDV is clearly one of the candidates for the origin of MAIDS virus.
Although the amino acid sequence of the gag p12 region of EDV differs from that of BM5eco (Fig. 5 b) , the sequence is functional and the recombinant virus containing this region was replication-competent. It was not clear whether the p12 region of EDV has the same function as that of BM5eco. The function of the p12 peptide of a MuLV in the replication cycle remains unclear (Leis et al,, 1988) . We are now examining whether the recombinant virus has the pathogenicity to cause MAIDS or another disease.
The EDV transcript contained many ORFs. The ORF in the pol gene (ORF A in Fig. 2a) is the longest. The amino acid sequence of ORF B, which is predicted to be translated from the first AUG codon, is dissimilar to that of the BM5eco Gag product owing to the frameshifting, but the N-terminal region of the product was similar to a large degree to that of the MAIDS virus (Fig. 5b) . Although the ORF C product was homologous to BM5eco Gag, it did not contain the p 12 unique sequence. Although there were many ORFs in the EDV transcript (Fig. 2 a) (Bassin et al., 1982) env sequences encode products which interfere with infection by ecotropic and MCF viruses, respectively. Because the EDV transcript encodes ORF B, of which the N-terminal region is highly similar to a small stretch of the unique region of the MAIDS virus ( Fig. 2a and 5b) , the transcript may also have biological activities associated with MAIDS development in C57BL/6 mice which are highly sensitive to infection with the MAIDS virus (Hartley et al., 1989) ,
